Abstract Yam (Dioscorea spp) is an essential tuber crop for hundreds of millions of people in many African, Asian and South American countries. Considering in particular Southwest Nigeria, chips, flakes and flours are amongst the most common shelf-stable traditionally-processed yam products. This paper reports a systematic study on the proximate (moisture, protein, carbohydrate, fibre, fat, ash and gross energy) and mineral composition of these three food commodities sold in Nigerian markets. Results showed no significant differences in the moisture, crude protein and fibre content of all samples (10.0-12.3, 2.7-4.3 and 1.3-2.0 wt%, respectively). Gross energy was also comparable for all yam derived food items (between 3300 and 3507 kcal/kg), contradicting the common belief that yam flakes have lower nutritional value than chips and flours. Considering the mineral composition, Ca, Mg, P and K were the predominant macronutrients. Micronutrients such as Zn, Co, Mn and Cu were also detected. Significant differences existed between products, and their various sources (markets). Principal component analysis showed a direct correlation between ash content of the samples and the assessed macronutrients, irrespective of the market, or the seller of the commodities. This study confirmed that yam derived food stuffs have an adequate nutritional composition, irrespective of their form and/or origin.
Introduction
Yams are staple foods with cultural, economic and nutritional importance in many parts of Africa and Southeast Asia. They belong to the Dioscorea genus that produces edible starchy storage tubers. Yams are the third most important tropical root crop in Africa after cassava and sweet potatoes, with Nigeria reported as the leading producer (Ferraro et al. 2016) . Yams contribute to more than 200 daily dietary calories per capita for more than 150 million people in West Africa. Furthermore, they serve as an important source of income (Abiodun and Akinoso 2014) .
The most common cooking methods for white yam in Western and Central Africa are boiling, frying and roasting. Yams are also processed into dried yam chips and flakes by peeling, slicing, blanching, steeping and sundrying. This is done to overcome the high perishability of fresh tubers due to their high moisture content and enzymatic activity (Jonathan et al. 2011) . Yam chips and flakes may be crushed, milled and processed into flour, locally known as ''elubo''. The flour can then be reconstituted with hot water to form a thick paste known as ''amala'' and consumed with soup. ''Elubo'' and ''amala'' can be prepared in a similar manner using other root crops, such as cassava or unripe plantain (Fetuga et al. 2014) .
The production of yam chips and flakes is mainly performed at a small-scale level by local household producers. This may bring variability in the quality of the final products, both across processors and different locations.
The sale of yam chips and flour is quite common in most markets in Southwest Nigeria, while yam flakes can only be found in markets close to the processing area of the commodities (Oyo State). Yam flakes are known to be purchased by the lower class (economically) in society, because of their low price compared with yam chips. This is due to the belief that yam flakes are of lower nutritional quality. Also, some ''amala'' consumers prefer to buy the chips and mill them themselves rather than buying the ready-made flour. This is done to prevent buying flour that could have been mixed with different roots or tubers. This is a common occurrence, since items sold in markets often do not have labelling regarding the composition and the nutritional values. Most mothers from Southwest Nigeria feed their infants with ''amala'' from either yam, cassava, cocoyam or plantain flour as part of their weaning diet.
Minerals are inorganic nutrients that are essential to life, and are usually required in relatively small quantitiesgenerally less than 100 mg/day; however, they can be toxic at concentrations beyond those necessary for their biological functions. Although they are not an energy yielding component of food, they are critical to countless body processes, playing important roles in biochemical functions and enzymatic activity (Saraf and Samant 2013) . Essential minerals are classified into macro minerals (g or mg/day) where Ca, K, Na and Mg are the most physiologically important and micro minerals (few mg or lg/day) where Fe, Cu and Zn are the most physiologically important (Silvera and Rohan 2007) . Micronutrient deficiency is a serious public health concern worldwide, especially in poorer developing countries, with infants and pregnant women being at high risk. Some factors such as inadequate food intake, food processing practices, the presence of other dietary factors and other chemicals in foods are responsible for bioaccessibility and bioavailability of minerals.
Some literature data about the nutritional composition of different cultivars of yam in comparison with other tuber crops are available (Alinnor and Akalezi 2010; Senanayake et al. 2012) . The impact of cooking on the proximate composition of water yam has also been discussed in terms of moisture, protein, carbohydrate, fibre, fat, ash and gross energy (Ezeocha and Ojimelukwe 2012) . Some studies have also investigated the effect of processing conditions on the nutritional composition and functional properties of laboratory processed yam chips (Djeri et al. 2015) and flour (Abioye 2012; Adejumo et al. 2013; Obadina et al. 2014; Ajala and Idowu 2016) . Only one study, on the other hand, is available on the assessment of the effect of storage duration on the nutritional composition of yam chips from Itamerin market (Oyo state, Nigeria) (Jonathan et al. 2011) . Hence, scarce data is available on the nutritional composition of traditionally processed yam chips, flakes and flours produced and sold in Southwest Nigeria as in other markets and no mineral profiles have been reported. This study therefore aims to investigate the proximate and mineral composition of different samples of yam chips, flakes and flours from some key markets in Southwest Nigeria, which may impact and promote world consumption of yam.
Materials and methods
Sampling and preparation of samples Figure 1 of the supplementary material shows a schematic diagram of the sample collection procedure. Dried yam chips were purchased from three markets-Saki and Bodija in Oyo State, and Mile12 in Lagos, south western Nigeria. Yam flakes were obtained from two markets, Bodija in Oyo State and Mile12 in Lagos. Yam flour samples, on the other hand, were purchased from three sites, Mile12 market in Lagos, Lafenwa market in Abeokuta (Ogun State) and a store or supermarket in Lagos (packaged flours). In each market, samples were purchased from two different sellers. Regarding the packaged flours, two different commercial brands were chosen.
Sixteen samples were obtained from each collection. A further 16 samples were collected after 4 and 8 months, giving a total of 48 samples. The collections were done in May 2013 , September 2013 and January 2014 In all cases, approximately 2 kg of samples were purchased.
The materials were placed in sterile air tight bags and transported to the laboratory. The yam chips and flakes were crushed and milled into flour using a laboratory attrition mill, sieved through 250 lm mesh and stored in plastic containers until use.
Each sample was analysed to determine the proximate concentration and the minerals, as detailed below. The values reported in the tables represent an average of the three measurements, collected in 4 month intervals, for each of the 16 samples. moisture content of each sample. The carbohydrate was determined by difference while the nitrogen-free extract (NFE) of the samples was determined by subtracting the percentage of crude fibre from total carbohydrate (Ndidi et al. 2014) . The gross energy (GE) was analysed using a bomb calorimeter.
Crude protein (% total nitrogen 9 6.25) was determined by the Kjeldahl method. Ash was determined by the incineration of 2 g samples placed in a muffle furnace and maintained at 550°C for 5 h. Crude fibre was obtained by digesting 2 g of sample with H 2 SO 4 and NaOH, and incinerating the residue in a muffle furnace maintained at 550°C for 5 h. Moisture content was determined by heating 2 g of each sample to a constant weight in a crucible placed in an oven maintained at 105°C.
Mineral analysis
Prior to the mineral analysis, the samples were dried to a constant weight, and underwent a microwave assisted digestion. For this, a weighed amount of each sample (about 200 mg) was mixed with 5 ml of 65% HNO 3 in a Teflon reaction vessel and heated in a Speedwave TM MWS-3 ? (Berghof, Germany) microwave system. Digestion procedure was conducted in five steps: (1) 130°C/10 min, (2) 160°C/15 min, (3) 170°C/12 min, (4) 100°C/7 min and (5) 100°C/3 min. The resulting clear solutions after the digestion procedure were transferred into 50 ml tubes and then brought to 20 ml with deionised water.
The elemental composition was determined using an inductively coupled plasma (ICP) optical emission spectrometer model Optima TM 7000 DV ICP-OES (Dual View, PerkinElmer Life and Analytical Sciences, Shelton, CT, USA) with radial plasma configuration. Standard plasma conditions were used namely 1300 W for radio-frequency power, 1.5 ml/min pump rate, and 15.0, 0.2 and 0.8 l/min for plasma, auxiliary and nebulizer gas flow, respectively.
Statistical analysis
SPSS Statistics Software Version 20 (IBM, New York, USA) was used for the statistical analysis. Data generated from the three batches of samples collected, and significant differences between their mean values, were analysed using analysis of variance (ANOVA), while the mean values were compared by Duncan's multiple range tests at a level of 5% significance, and reported as mean ± standard deviation of triplicate measurements. Principal component analysis (PCA) was used to establish eventual patterns, and explore the relationships between the various parameters and the samples.
Results and discussion

Composition
The results of the proximate compositions of the yam flakes, chips and flour samples from the various markets are presented in Table 1 . Moisture content ranged from 10.0 to 12.3%, with no significant (p [ 0.05) difference between samples, irrespective of sample form, market and seller. The moisture content reported in this study were lower than the values reported by Jonathan et al. (2011) on the nutritional composition of 1 (13.3%) and 6 (14.4%) month stored yam chips (gbodo). Another study on yam chips collected from processors in Benin, at the beginning and after 3 months of storage, reported moisture content with a larger interval, from 9.2 to 15.3% (Gnonlonfin et al. 2007) . All the samples assessed in the present study (with the exception of the packaged flours) were displayed for outdoor sale, possibly in the sun; this could have caused a reduction in the moisture content of the commodities. Hence, the relative low moisture content of the commodities below 13% can assure longer shelf-life without spoilage and pathogenic microbial proliferation, if stored under low relative humidity.
The crude protein content of the samples ranged 2.7 and 4.3%, with yam flour sample from Lafenwa 2 market showed the lowest value. No significant difference (p [ 0.05) was observed across the samples.
The only available literature (Jonathan et al. 2011 ) on the proximate composition of market samples of traditionally processed yam chips reported a higher protein content for 1 (7.3%) and 6 (7.7%) month old yam chips. However, varying ranges of values were reported for laboratory processed yam chips and flour samples. Values smaller than those obtained in this study were reported by Abioye (2012) (2.6-2.9%), Adejumo et al. (2013) (2.4-2.6%) and Djeri et al. (2015) (3.5-5.7%). However, all these authors used Dioscorea cayennensis subsp. rotundata for the laboratory production of yam flour (''elubo''), whereas in the current study other subspecies of Dioscorea might have been used, which could explain the differences. On the other hand, higher values were reported by Ajala and Idowu (2016) (5.2-5.3%) while Obadina et al. (2014) reported lower range of values (0.9-1.5%).
The difference in the values obtained could also be attributed to the different sampling location or the processing conditions used. Senanayake et al. (2012) reported 10.2 and 6.2% for D. alata Rajala and D. alata Hingurala, respectively, while Alinnor and Akalezi (2010) , on the other hand, reported a very low value (0.087%) for flour from D. rotundata. However, similar ranges of values to those obtained in this According to Kafatos and Hatzis (2008) , the RDA for adults, adolescents and children are 0.8, 1.0 and 1.5 g protein/kg body weight/day, respectively. All tested samples showed low crude fat content. Fat concentration, in fact, was lower than 1%, with only a few chip samples containing slightly higher values. These data are in agreement with other studies that reported a comparable low amount of fat in different yam species (Polycarp et al. 2012; Ferraro et al. 2016 ). The fat content had values that did not show significant difference in the yam flours, and which were lower than that reported by Abioye (2012) (0.4-0.6%), but similar to that reported by Fetuga et al. (2014) (0.1-1.6%). Higher values were, however, reported by Obadina et al. (2014) (1.1-2.2%) and Ajala and Idowu (2016) (4.0-4.4%). Variation in variety and processing methods could also be responsible for these differences.
Significant (p B 0.05) differences existed in the carbohydrate and nitrogen-free extract (NFE) contents of the samples, as the values obtained ranged from 79.7 to 82.2% and 77.8 to 80.6%, respectively. A lower range of values was reported by Ajala and Idowu (2016) (73.3-75 .5%), while Abioye (2012) (86.9-87.3%), Adejumo et al. (2013) (83.8-84 .4%), Fetuga et al. (2014) (76.9-87.7%) and Obadina et al. (2014) (83.1-86 .1%) all reported higher values. The variation observed in these previous studies and the current one could be attributed to differences in variety or processing methods used.
Fibre has a useful role in providing roughage that aids digestion. Dietary fibre (DF), an essential component in human and animal nutrition, has the ability to bind and flush cholesterol, carcinogens and undesirable chemicals from the body, thereby preventing the development of chronic diseases including coronary heart disease, colonic cancer and other disorders of the gastrointestinal lining. Furthermore, fibre has a relevant role in the enhancement of gut motility that can help to control increasing levels of constipation in the population. This study reports crude fibre contents in the range of 1.33 and 2.0%, in agreement with the values reported by Jonathan et al. (2011) (1.3-2.0%), despite the difference in sampling location and time. Similar values were also reported for laboratory processed yam flour by Abioye (2012) (2.0-2.1%) and Obadina et al. (2014) (1.2-2.4%). This could be attributed to the similarities in the composition of the yam varieties used in the different studies.
Values reported for the yam chips, flakes and flour from different sources were not significantly different from one another. These data show that the fibre content of these food commodities is comparable to those of other cropderived food stuffs, such as cassava (Charoenkul et al. 2011 ) and sweet potato flour (Fetuga et al. 2014) .
The ash content of the various commodities was found to be between 1.3 and 3.0%, with significant (p \ 0.05) differences in the yam flakes and flour from different markets, but no significant (p [ 0.05) difference in the yam chip samples. Comparable ash content was previously reported for laboratory processed yam flours samples by Abioye (2012) (2.2-2.3%) and Adejumo et al. (2013) (2.1-2.4%) and sweet potato flour (1.8-2.1%) (Fetuga et al. 2014) . Ash content is an indication of the mineral proportion of foodstuff, even though sample contamination can lead to higher ash content. Yam flour is a derivative product from either yam chips or flakes, after milling. The *25% higher ash proportion in the flour samples than the yam chips and flakes could, therefore, be attributed to the presence of more minerals that could have been introduced into the flour during the milling process, as most of the millers use their milling machines for the milling of other food products such as grains, cereals, dried plantain, etc.
According to FAO, gross energy (GE) or ingested energy (IE) represents the heat production of foods and nutrients when completely oxidized to carbon dioxide and water, which is required for body metabolism and physical activity. The calculated GE values in this study show no significant (p [ 0.05) difference in the three commodities from the different markets. This gives an indication that the flakes, which are also used as part of weaning food for infants, but are believed to be of lower nutritional quality, could also give as much energy as the chips. The values obtained in this study are within the range of values reported by Polycarp et al. (2012) , Emmanuel et al. (2012) and Thomas et al. (2013) for different yam varieties, cassava varieties and rice varieties, respectively.
Mineral composition
The compositions of macro and micro minerals of yam chips, flakes and flour samples are presented in Tables 2  and 3 , respectively.
Phosphorus (P) mean values ranged between 73.1 and 112.8 mg/100 g. All the yam chips purchased from different markets and sellers were very similar, irrespective of different processing locations. The lack of significant differences that existed between yam flake samples from the same market could be attributed to some of the sellers buying the commodities from one another within the same market and reselling. The low P concentration of the samples indicates that their consumption alone will not Values are mean ± standard deviations of three measurements of samples collected in 3 batches (n = 3). Different superscript letters within columns are significantly different (p B 0.05) supply the recommended RDA of 800 mg/day for both adults and children, except when consumed with other P rich foods such as organ meats in soup. Significant differences, however, existed among the yam flakes and flour between markets and sellers. A baseline survey also revealed that the yam flour sellers sometimes obtain the yam chips or flakes from different sellers at different locations and pool them together before milling into flour. This could be the factor responsible for the variation. The only available literature on mineral compositions of traditionally processed yam chips sold in markets in Southwest Nigeria was reported by Jonathan et al. (2011) . In their study, lower values (5.3-5.6 lg/100 g) were reported and this could be attributed to varietal difference in the yam cultivar used, as Polycarp et al. (2012) previously reported variation in the P contents of different yam varieties, although significantly higher values were reported. The magnesium (Mg) content of the samples varied from 29.83 to 58.66 mg/100 g, with the yam flour samples from Mile12 and Lafenwa having the highest values, with significant (p B 0.05) differences with respect to the rest of the samples. Moreover, in all yam flakes, Mg concentration was statistically equal to that of all yam chips, with the exception of Saki1, and no significant (p [ 0.05) difference was found among the yam flours from the supermarkets. The high value for the yam flour samples from Mile12 and Lafenwa could be due to the fact that some of the yam flour sellers mill unfermented cassava chips with yam chips into flour, and sell the commodity as ''yam flour'' in order to maximize profit. The finding of Odebunmi et al. (2007) revealed that unfermented cassava flour has higher Mg content than yam flour and some other root crops. However, Jonathan et al. (2011) reported much lower values (2.5-3.9 lg/100 g) than those reported in this study.
The recommended dietary allowance of Mg for an adult is 350 and 170 mg/day for children. Basically, the consumption of 100 g (a serving) of yam-derived products contributes only to about 7-10% RDA of Mg. However, an average of 200-250 g (a serving) of ''amala'' is consumed by an adult, while some children less than 5 years could consume as much as 100 g. This goes further to show that the amount consumed per serving, both by adults and children, is not enough to meet the RDA. However, the consumption of ''amala'' with soups prepared with dark green leafy vegetables could make up for the inadequacy. However, nutritional dietary consumption studies would need to be undertaken to confirm this.
WHO recommends a daily intake of 800 mg Ca for both adults and children. This study shows that these products are below such recommendations. The Ca concentration (16.1-74.2 mg/100 g) in the samples also followed the same trend as Mg concentration, with the yam flour samples from Mile12 and Lafenwa having the highest values, although with significant differences existing between them and other samples. The report of Odebunmi et al. (2007) also showed higher Ca concentration in cassava flour (1.1 lg/100 mg) than yam (0.1 lg/100 mg) and some other root crops studied.
According to Lodi et al. (2016) , Ca and P are the most important constituent elements of the bone mineral phase which form hydroxyapatite crystals [Ca 10 (PO 4 ) 6 (OH) 2 ]. These are the compounds which allow the maintenance of mineral homeostasis for important metabolic functions. Some studies (Kemi et al. 2010) reported evidence that low Ca:P dietary ratios may have an adverse effect on the skeleton. Also, prolonged periods on a low Ca:P diet have been considered an important risk factor that contributes to skeletal fractures (Anderson et al. 2006; Kemi et al. 2010 ). According to Adatorwovor et al. (2015) , the RDA for calcium-to-phosphorus ratio (Ca:P) is *2:1. In this study, however, the calculated Ca:P ratio was lower in all the three yam derived products; especially in the yam chips and the yam flour samples from the supermarket. This shows that a prolonged consumption of these products could lead to skeletal fracture; to compensate for this, the diet should be modified with foods with high calcium levels.
The sodium (Na) and potassium (K) contents of the yam chips, flakes and flour showed no significant differences irrespective of sample type and source. Sodium is essential for maintaining blood pressure and fluid balance, while K regulates acid-base balance, involved in the maintenance of osmotic pressure of the body fluids, activates nerve and muscle function, and involved in Na ? /K ? -ATPase (Murray et al. 2000) . The Na and K concentration in the samples ranged from 4.4 to 22.2 mg/100 g and 605.6 to 879.4 mg/ 100 g, respectively. Contrary to these findings, Jonathan et al. (2011) reported lower values for Na (1.5-1.9 lg/ 100 g) and K (6.5-8.3 lg/100 g) in some yam chips, while Polycarp et al. (2012) reported higher values for Na (above 62.5 mg/100 g) and values within the same range as reported in this study for K (475-1475 mg/100 g). The Na:K ratios presented in this study (1:40-1:140) can be highlighted as a very positive result towards hypertension control, since Na restriction and K supplementation are recommended dietary measures to prevent cardiovascular disease (Whelton et al. 2012) .
Although Na concentration did not show any significant difference between the various commodities, a definite trend across the different sample collection times was observed. For all samples, Na content was much lower in the samples from the last collection date, with more than 50% of the samples having no Na. The reason for these unusually low values could be linked to the yam varieties used by the different processors. Jonathan et al. (2011) reported the increase in the mineral composition of stored yam chips (''gbodo'') as the storage period advanced. Hence, the low or no Na concentration in the last batch of samples' collection might not be linked to storage. Therefore, this suggests the possibility of preventing cardiovascular disease through the consumption of some selected yam varieties with low Na content. The World Health Organization recommendations of Na intake per day are 500 and 400 mg for adult and children, respectively. Hence, these yam derived products are not sufficient sources of Na for the human diet, but can be seen as a positive factor in low salt diets (Na) frequently related with cardiovascular diseases and others.
Considering the micronutrients, iron is an important mineral for red blood cell formation and function: its presence in yam-derived products is, therefore, important for the assessment of the nutritional value. According to Mason (2008) , the recommended dietary allowance of Fe for men and postmenopausal women is 8 mg/day, while 11, 15 and 30 mg/day were recommended for adolescents, premenopausal women and pregnant women, respectively. Our results show that these yam derived products can adequately supply Fe in the diet. The yam chips, flakes and flours showed comparable iron concentration values ranging from 5.8 to 19.6 mg/100 g, with no significant difference (p [ 0.05). The only exception is the flour sample from seller 2 in the Mile12 market; these samples show a mean value of 60.2 mg/100 g, which is statistically different from the other values. This high mean concentration was due to the unusually high iron concentration levels found in one of the three flour samples collected in Mile12 market. In fact, an iron concentration as high as 121.6 mg/ 100 g was detected in the flour sample from the last batch. The observed high concentration of Fe could be due to the addition of other Fe-rich starch-based products to the flours. Cassava derivatives, for instance, could have been added to these yam flours. A previous study reported higher iron content in cassava than in other root and tuber crops; values as high as 40 mg/100 g (Albert et al. 2005) .
The mean values of the zinc (Zn) content showed no significant (p \ 0.05) difference across samples, irrespective of sample type and location sourced from; the only exception was the yam flakes sample from Mile12 market, which had the highest concentration (5.53 mg/100 g). The high level of Zn in the flake from Mile12 market could be attributed to the yam variety used; as Polycarp et al. (2012) had previously reported Zn concentration as high as 6.80 mg/100 g in some yam cultivars. Zn levels composition observed in this study are higher than values reported by some authors on yam chips (0.008-0.023 lg/100 g) (Jonathan et al. 2011) , and other root crops (0.00-0.14 mg/ 100 g) (Odebunmi et al. 2007) .
Zn is a mineral that is essential for cell development and replication. RDA of Zn is 8 mg/day for females and 11 mg/day for males (Mason 2008) . Although, foods of animal origin are known to be the major source of Zn. However, data from this study indicate that these samples could also be considered a good Zn source for a healthy diet, since the consumption of about 150-200 g ''amala'' per serving could provide the recommended RDA. These yam derived products, except the Mile12 yam flake samples, could be consumed without exceeding the maximum Zn limit intake level, since the upper level of Zn intake according to FAO/WHO is 60 mg/day (Sarikurkcu et al. 2015) .
Cobalt (Co) is required as a constituent of vitamin B12, and is also a cofactor of enzymes involved in DNA biosynthesis and amino acid metabolism. According to FAO/WHO (Sarikurkcu et al. 2015) , Co intake for an adult should not be higher than 0.012 mg/day. It can be seen, therefore, from this study that consumption of 100 g flour reconstituted into 'amala' will adequately supply the recommended daily intake, except for the flake sample from Bodjia 2 which could lead to a higher Co intake. Co concentrations (0.003-0.03 mg/100 g) were not significantly different between samples, with the exception of the flake samples from Bodjia 2, which showed a higher Co concentration (0.03 ± 0.04 mg/100 g). However, the only available literature (Jonathan et al. 2011 ) on mineral composition of traditionally processed yam chips did not evaluate Co concentration.
Manganese (Mn) was detected in all the samples at all batches with mean values ranging from 0.1 to 0.9 mg/ 100 g. No significant difference existed across yam chips and flour samples from the supermarkets (p \ 0.05), which could be connected with some of the packaged flour sellers sourcing their chips from either the same set of chip sellers or from the same processors. However, the yam flakes and the flour samples from the local markets were significantly different from one another. Values obtained in this study were in line with what was reported by Odebunmi et al. (2007) for some fresh tuber crops including yam (0.1-0.9 mg/100 g), but different from the findings of Jonathan et al. (2011) for traditionally processed yam chips (0.27-0.33 lg/100 g). According to Mason (2008) , RDAs for females and males are 1.2 and -2.3 mg/day, respectively. This study shows that these yam commodities could provide appreciable amounts of Mn when combined with other foodstuffs in the diet.
Copper (Cu) is necessary for bone growth and formation; it also helps in the incorporation of Fe in hemoglobin, in the absorption of iron from the gastrointestinal tract and in the transfer of iron from tissues to the plasma (Murray et al. 2000) . These products do not meet the RDA in a 100 g serving, as 3 and 2 mg/day is required for adults and children, respectively. The yam chips and flakes had similar Cu levels, irrespective of the markets and sellers (Table 3) . However, the Cu levels in yam flour from Mile12 and Lafenwa were significantly different between markets and sellers, but the samples from the supermarkets were significantly the same, despite the difference in brands. Contrary to this study, lower values were reported by Jonathan et al. (2011) for yam chips while values reported by Polycarp et al. (2012) are in agreement with these results.
Principal component analysis (PCA) Figure 1 shows the relationship between each variable and the different yam derived products, i.e. yam chips, flakes and flour. The first two principal components (PCs) explained about 68.30% of the total variance. Ca had the greatest loading effect in the first PC, which explained 44.26% of the total variance, while Na had the least. On the second PC however, K was shown to have the greatest loading effects and Cu had the least (Table 4 ). The loading of the variables on the score plot shows that the yam flour samples were high in crude fibre, Ca and Mn. The yam flakes samples on the other hand were found to be rich in Na, Co and Zn while the yam chips were rich in crude protein, Cu and P.
Conclusion
This study demonstrates that the processing involved in the production of chips, flakes and flour from yam has little or no negative impact on the nutritional composition; indeed some of the nutritional values obtained for these food commodities were similar to values reported for fresh yam. These findings contradict the common belief in Nigeria (and other countries) that yam flakes have lower nutritional value. Some differences, however, were found between the food stuffs sold in different markets, as items from some markets showed more favourable mineral compositions. Overall, this study showed that consumption of about 100-150 g per serving of ''amala'' will adequately supply the recommended dietary intake of micronutrients such as Zn, Co and Mg, whilst the RDA for only Fe may not be met. PCA showed that nutritional composition of the samples had a direct correlation with the form (i.e. chips, flakes or flour) of the commodities but not with the source. 
